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METHOD AND APPARATUS FOR THE 
SEPARATION OF TUBES 

DESCRIPTION 

5 

BACKGROUND OF THE INVENTION 

Field of the Invention 

10 The invention relates to a method and an apparatus for the separation of tubes 

which are produced continuously on a row of cylindrical mandrels, continuously 
coupled to one another, by the mandrels being advanced in a conveying direction. 

Background Description 

15 

An automated method of producing multilayer tubes has been disclosed by DE 
27 50 642 C2, in which rubber and reinforcement layers are wound onto a rotating 
mandrel mounted in a fixed position. In this case, a material feed unit is moved in the 
longitudinal direction along the mandrel. A disadvantage of this method is that this 
20 production method does not work continuously, but is limited to the length of the 
mandrel. In addition, the thickness and the angle of the wound-on rubber and 
reinforcement layers can not be applied with sufficient accuracy. 

DE 44 23 602 Al discloses a similar winding method in which the tube is not 
2 5 cut until after its vulcanization in order to reduce entrapped air between the rubber and 
reinforcement layers. In addition, the fabric ends are fused after being cut open, so that 
an adverse penetration of air between the rubber and reinforcement layers is prevented. 

A winding method for the continuous production of tubes is described in DE 1 
30 180 513, in which rubber and reinforcement layers are wound onto a row of mandrels 

lined up endlessly one behind the other and advanced in a conveying direction. The 
tube is vulcanized onto the mandrels. The mandrel sections are then drawn off and 
releasably attached to the end of the mandrel section running into the winding 
machine. In a disadvantageous manner, the precision required for air spring bellows 
35 cannot be ensured during the winding method. In addition, the mandrels are thermally 
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loaded during the vulcanization and there is the risk of the mandrels being deformed, 
so that a uniform quality of the tubes can no longer be ensured. 

An apparatus for producing curved rubber tubes is described in DE 25 45 058 
5 C3, in which apparatus, by means of at least one extruder and a yam reinforcing 
machine, rubber and reinforcement layers are applied to mandrels advanced 
continuously in the conveying direction. In this case, the mandrels abut against one 
another directly in a seamless manner, hi a cutting device, two mandrels are in each 
case mutually displaced in such a way that a gap in which a cutting blade of the cutting 
10 device can engage is produced between their end faces. In a disadvantageous manner, 
the yam braiding in this case is stretched in the tube and changed in its position. The 
mandrels are flexible and are brought together with the tube piece located on a 
mandrel into a curved position and are vulcanised in a vulcanisation unit. The 
vulcanised tube is then separated from the mandrel. 

15 

SUMMARY OF THE INVENTION 

The invention relates to a method and an apparatus for the separation of tubes 
20 which are produced continuously on a row of cylindrical mandrels, continuously 
coupled to one another, by the mandrels being advanced in a conveying direction and 
by rubber and reinforcement layers being applied to the mandrels, there being a 
material difference from the mandrel material at the connection points of successive 
mandrels. 

25 

The invention provides an improved automated method and an apparatus for 
the separation of tubes which ensure sufficient precision of the tubes for air springs 
and ensure high process reliability. Such tubes are used, for example, for air spring 
bellows in vehicles. Such a tube is in this case formed from superimposed tubular 
3 0 rubber and reinforcement layers. 

The invention is achieved with the apparatus of the generic type by a 
measuring device for detecting the connection points of successive mandrels and a 
separating device, arranged downstream of the measuring device in the conveying 
35 direction, for cutting off the tubes. The separating device may be controlled by the 
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measuring device in order to align the separating device with the connection point. 
The separating device has a cutting head rotatable about the connection point, and is 
capable of being advanced in the conveying direction synchronously with the mandrels 
during the separating operation. 

5 

Due to the automatic detection of the connection points and cutting of the tubes 
at the connection points during the mandrel advance, it is possible to cut off the tubes 
during continuous operation. In this case, it is not necessary to artificially produce a 
gap by pulling the mandrels apart before the cutting, and displacement of the yam 
1 0 layers by the cutting operation is avoided. 

After the separation of the tubes, the connection of the mandrels at the 
connection point is released by means of a device which is coupled to the separating 
device. The released mandrels may then be advanced and singularized in a conveying 
15 device which is arranged downstream of the separating device as viewed in the 
conveying direction. To this end, the speed of the conveying device is set to be higher 
than the mandrel feed speed. Thus, the singularized mandrels can then be removed by 
a manipulating mechanism and the cut-off tubes can be removed firom the mandrels 
without influencing the continuous production process. 

20 

Encircling grooves may be provided at the connection points of the mandrels. 
These grooves may be detected by the measuring device. It is then possible for a 
cutting blade to plunge into these grooves during the separating operation, so that the 
mandrels and the connection points of the mandrels and also the blade are not 
2 5 damaged. Alternatively, however, the groove may also be closed with a component 
into which the blade plunges and which serves as a wearing part. 

The measuring device may have an inductive sensor. The connection point can 
thus be detected easily and reliably with reference to material differences. 
30 Alternatively, for this purpose, the measuring device may also be designed as a 
mechanical driver which travels along with the mandrels and is mechanically coupled 
to the separating device. The measuring device may also have a measuring wheel 
which is coupled to the mandrels and determines the feed of the mandrels. A cut is 
then made in each case at fixed intervals in accordance with the mandrel length. 

35 
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Corresponding to the invention, the method of the generic type has, according 
to the invention, the steps of detection of the connection points of successive mandrels 
and positioning of a cutting head of a separating device for cutting the tube to length in 
such a way that the cutting head is aligned with the detected connection point. The 
5 method also includes, for example, advancing of the separating device in the 
conveying direction synchronously with the advancing speed of the mandrels and 
rotation of the cutting head about the circumference of the mandrel connection point 
for the circumferential cutting of the tube while the separating device is advanced. 
The separating device is withdrawn to an initial position after completion of the 
1 0 cutting operation. 



BmEF DESCRIPTION OF THE DRAWINGS 

The invention is explained in more detail below with reference to the attached 
1 5 drawings, in which: 



Figures la to Ih show an apparatus and sequence of the method according to 
the invention for the separation of tubes, as a schematic block diagram; 

Figures 2a to 2d show an apparatus and sequence of the method according to 
20 the invention with a mechanical driver for positioning the separating device; and 

Figures 3a to 3d show an apparatus and sequence of the method according to 
the invention with a feed measuring unit for the displacement/linear measurement and 
positioning of the separating device. 

25 

DETAILED DESCRIPTION OF 
EMBODIMENTS OF THE INVENTION 



Figure 1 shows an apparatus for the separation of tubes 1, which are produced 
30 continuously on a row of cylindrical mandrels 2, continuously coupled to one another, 

by extrusion of rubber layers and spiral winding of yam layers. To this end, the 
mandrels 2 are advanced in a conveying direction X, for example, by means of a 
conveying device 1 1 . 
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The apparatus has a separating device 3 with a fixed or movable cutting head 4. 
The cutting head 4 of the separating device 3 is designed to be rotatable about the tube 
1, so that the tubes 1 are cut off with a circxunferential cut. The cutting head may be 
ultrasound cutting, laser cutting or water-jet cutting, for example. The separating 
5 device 3 is movable in the conveying direction X with a feeder mechanism in order to 
be able to carry out a circumferential cut during the advancement of the mandrels 2. 

A further conveying device 5 is provided downstream of the separating device 
3 in the conveying direction X in order to advance and singularize the released 
10 mandrels 2 having the cut-off tubes 1. This conveying device 5 may be any 
conventional belt driven device, for example. 

According to the invention, a non-contact measuring device 6 is arranged 
upstream of the separating device 3 as viewed in the conveying direction X in order to 
1 5 detect the connection points 7 of successive mandrels 2. 

Figure la shows a first instant of the sequence of the method for the separation 
of tubes 1, at which a mandrel 2 initially runs over the measuring device 6. In the 
process, the measuring device 6 detects the constant mandrel material, but not a 
20 change of mandrel materials, as is characteristic of the connection points 7 of 
successive mandrels 2. 

In Figure lb, the mandrel 2 is advanced further and the connection point 7 of 
two successive mandrels 2 is now located in the region of the measuring device 6. The 

25 latter, for example by inductive measuring, now detects the characteristic material 
change at the connection point 7 and transmits a starting signal to the separating device 
3. Since the distance between the measuring device 6 and the separating device 3 and 
also the mandrel speed are known, the separating device 3, at the instant shown in 
Figure Ic, positions the cutting head 4 directly at the connection point 7 of the 

30 successive mandrels 2 and carries out a circumferential continuous cut. To this end, 
the separating device 3, by means of the feeder mechanism, travels synchronously with 
the advanced mandrels 2 at mandrel speed, as can be seen in the sequence of Figure 
Id. 

35 As viewed in conveying direction X, a further sensor 6' may be optionally 

arranged downstream of the separating device 3 in order to activate the sensor 6. 
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As shown in Figure le of the sequence, the circumferential cut around the tube 
1 is complete, and the mandrel 2 with the cut-to-length tube 1 is released from the 
following row of continuous mandrels 2 by releasing a coupling. The released mandrel 
5 2 is advanced by means of the conveying device 5 at a higher speed than the advancing 

speed of the mandrels 2, and is singularized in this way. In this case, the mandrel 2 is 
conveyed up to a manipulating device 8 in order to take the mandrel 2 out of the 
continuous process and to draw off the cut-to-length tube 1 from the singularized 
mandrel 2 without impairing the continuous production process. 

10 As can be seen from the method sequences shown in Figures If and Ig, the 

separating device 3, after completion of the circumferential cut, travels forward again 
in the opposite direction to the conveying direction X and are ready for a further cut. 
The sequence of Figure Ih corresponds to the instant Figure lb in the preceding 
method stage, and the method of separating tubes 1 is repeated continuously with this 

15 sequence. 

Figures 2a to 2d show an alternative embodiment of the apparatus and 
sequence for the separation of the tubes 1, in which the separating device 3 is 
mechanically connected to a driver 9. The driver 9 extends in such a way that, as can 
20 be seen in the sequence of Figures 2c and 2d, when a mandrel end strikes the driver 9, 
the separating device 3 is moved in the conveying direction X together with the 
mandrels 2. The circumferential cut for the separation of the tube 1 is then made. 

The driver 9 is oriented in such a way that the cutting head 4 of the separating 
25 device 3 is positioned precisely at the cutting region of the connection points 7 of 
successive mandrels 2. After completion of the circumferential cut, the driver 9 with 
the separating device 3 is uncoupled from the mandrels 2 and withdrawn again into the 
initial position. 

30 Figures 3a to 3d show another embodiment of the apparatus and sequence for 

the separation of the tubes 1. In this embodiment, a feed measxiring device 10, for 
example a measuring wheel, is provided for detecting the connection point(s) 7 of two 
successive mandrels 2 and for controlling the separating device 3. With the feed 
measuring device 10, the feed of the tubes 1 in the conveying direction X is 

35 continuously measured, and the position of the cutting regions at the connection points 



7 of successive mandrels 2 is calculated from the known length of the individual 
mandrels 2. 

As can be seen from the sequence of Figure 3c, the cutting head 4 of the 
separating device 3 is set down precisely on the cutting region at a connection point 7 
and the tube 1 is cut off, for example, with a circumferential cut. During the separating 
operation, the separating device 3 travels synchronously with the mandrels 2 and the 
tubes 1 applied thereto as shown in Figure 3d. 

While the invention has been described in terms of preferred embodiments, 
those skilled in the art will recognize that the invention can be practiced with 
modification within the spirit and scope of the appended claims. 



